hospital, and examining whether non-traumatic patients with preoperative conditions like pre-repetitive operations and septic conditions, would cause worse results than those of traumatic patients.
Materials and Methods
The medical records of 59 patients at a tertiary university hospital who were managed with OA following laparotomy intra-abdominal wound infection, and for temporary wound closure after laparotomy [5] .
During maintenance of the OA, bowel and peritoneal membrane was detached using poly-vinyl sheets to prevent postoperative adhesion between bowel and peritoneal membrane, and to protect the bowel from the negative pressure injury. Small holes on the poly-vinyl sheet were made to enhance the drainage of fluid and blood during negative pressure. Two sheets were overlapped to the same cavity and to avoid direct negative pressure to the bowel accounting for the position of the holes in both sheets. These are the common principles of the TAC and NPWT.
In TAC, the surgical pad containing the suction tube was put on the sheets to create negative pressure, and one additional sheet was put into position to cover the whole abdomen.
NPWT is a sponge-based technique using commercially available products like CuraVAC (Cgbio Co., Seongnam, Korea) which contain sponge. The sponge placed on the two sheets in place of the surgical pad, with one more additional sheet placed on it covering the whole abdomen. The commercial suction kit was then put on the sponge for negative pressure.
Statistical analysis was performed using IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA). Continuous variables were expressed as means and standard deviations or medians and interquartile ranges (IQR), and were compared between the groups using the Student t-test or Mann-Whitney U test. Categorical variables were expressed as n (%), and were compared between the groups using Fisher's exact test. A p < 0.05 was considered statistically significant. 
Variable
Patients with open abdomen (n = 47) Data are presented as mean ± SD or n (%). 
Results
There were 47 patients included in this study ( Figure 3 ). were the main cause of death ( Figure 4 ).
There were no significant differences in the closure rates between traumatic OA and non-traumatic OA (86.9% versus 75%, respectively; p = 0.298). However, survival rates were significantly different between traumatic OA and nontraumatic OA (73.9% versus 33.3%, respectively; p = 0.002).
Discussion
Although OA can lead to complications such as enterocutaneous fistula, ventral hernia, uncontrolled bleeding, and sepsis, it is a recommended strategy to treat critically ill patients [6] [7] [8] [9] [10] . Early fascial closure is important for shorter hospital stays and lower rates of complications [11] .
Seternes et al [12] assessed the effectiveness of NPWT and found that fascial closure was performed in two-thirds of cases Although these bowel problems can occur in patients treated using a negative pressure closure system, Rao et al [10] warned of the dangers of using negative pressure closure. Therefore, care is required when performing dressing changes to avoid the need for further surgery due to bowel edema or adhesion [26, 27] .
The difference in mortality rates between traumatic and nontraumatic OA might be due to different preoperative conditions. In many patients with traumatic OA, their general condition and intra-abdominal pressure were at least equivalent to [28] . Early definitive closure of fascial defects is one of the most important factors for complication prevention [29] . In the present study, in patients with traumatic OA, there was a strong relationship between closure failure and mortality, but this association was not observed in patients with non-traumatic OA.
It is expected that complications would be strongly associated with mortality, but that preoperative conditions would be the strongest risk factor for mortality in patients with (Table 3 ).
The present study had limitations due to the retrospective design and small number of participants. In addition, because of heterogeneity among the participants, a subgroup analysis would be needed to uncover other potential relationships between risk factors and mortality. The statistical analysis of factors associated with closing failure is difficult. There was no significant factor affecting the closure failure. Large-scale, prospective, multicenter studies including subgroup analyses would provide a more comprehensive overview of the risk factors associated with mortality in patients with OA.
In conclusion, in this single-center setting, traumatic intra-abdominal bleeding was a common indication for OA.
Primary closure was performed in most patients, and OA was feasible for the management of traumatic and non-traumatic indications. However, OA was associated with multiple complications and high mortality rates, especially in nontraumatic patients. Further studies are needed to develop more effective strategies for controlling sepsis in patients with nontraumatic OA.
